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Occurrence of new symptoms of focal cerebrovascular 
disease, including completed cerebral infarction, transient 
cerebral ischemic attack and amaurosis fugax, was corre-
lated with changes in size and morphology of atheroscle-
rotic plaques at the carotid artery bifurcation visualized by 
real time B-mode ultrasonography. Bilateral serial images 
of 246 plaques in 123 patients were made in a time interval 
of 9 to 35 months between initial and follow-up studies. 
There was a significantly higher incidence of symptoms 
ipsilateral to plaques that grew [30 (25 %) of 121] than of 
symptoms ipsilateral to plaques that diminished or re-
mained unchanged [8 (8%) of 98] (p < 0.001). Plaques that 
became hemodynamically obstructive by causing disruption 
of laminar flow or reduction of distal perfusion pressure at 
the ophthalmic artery were associated with a higher fre-
Atherosclerotic disease at the carotid artery bifurcation is 
well established as a source of cerebrovascular events, 
including amaurosis fugax, transient ischemic attacks and 
strokes (1,2). Atheroembolic emboli from the carotid bifur-
cation to intracranial arteries are implicated as the source of 
cerebrovascular symptoms in most instances (2,3). Patho-
logic studies (4,5) of plaques removed at carotid endarterec-
tomy have suggested that morphologic factors, such as 
intraplaque hemorrhage, contribute to embolization from the 
plaques. Recent studies (6) have shown that real time 
B-mode ultrasonography of the carotid artery bifurcation 
can demonstrate morphologic characteristics of plaque, in-
cluding intraplaque hemorrhage, by distinguishing whether 
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quency of symptoms [12 (40%) of 30] than were nonob-
structive plaques [26 (13%) of 201] (p < 0.001). There was 
also a strong association between symptoms and plaque 
configuration. Mural plaques growing in a crescentic con-
figuration along the wall of the carotid bifurcation between 
the first and second examination had a higher incidence of 
symptoms [22 (40%) of 56] than did plaques that grew but 
maintained a nodular configuration [8 (12 %) of 65] (p < 
0.001), although the same proportion of each became 
hemodynamically obstructive. 
Sequential visualization of atherosclerotic plaques by 
real time B-mode ultrasonography of the carotid bifurca-
tion may provide a method for studying the pathogenesis of 
arterial thrombosis. 
(J Am Coll CardioI1988;12:1S1S-21) 
the plaque is homogeneous or heterogeneous. The config-
uration of plaque on the wall of the artery as seen on B-mode 
ultrasonography may also be related to the occurrence of 
symptoms (7). Changes in plaque morphology and configura-
tion visuaiized on coronary angiography have been associ-
ated with intraplaque hemorrhage in the coronary arteries 
and have been implicated in acute myocardial ischemia from 
atherosclerotic coronary artery disease (8-15). 
To explore the relation between symptoms of cerebrovas-
cular disease and plaque morphology, initial and follow-up 
examinations with real time B-mode ultrasonography were 
performed on 246 carotid artery bifurcations in 123 patients. 
Hemodynamic factors were also assessed with a noninvasive 
battery of tests including pneumooculoplethysmography 
(16), supraorbital directional Doppler ultrasonography (17) 
and carotid flow study with velocity waveform analysis (18). 
Methods 
Study patients. Initial and follow-up results of bilateral 
real time B-mode ultrasonography were compared on 246 
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Table 1. Serial Changes in Plaque Morphology and Size 
in 112 Plaques 
Mean Interval Area I Area II 
Plaque Category n Age (yr) (months) (cm2) (cm2) 
Nodular exam 1 112 
Regressed 26 66.3 25.2 1.51 0.47 
Unchanged 19 63.4 16.6 0.92 0.92 
Increased 42 70.4 16.7 0.78 2.61 
Became mural 25 68.0 19.2 1.08 4.37 
Mural exam 1 82 
Regressed 27 71.2 16.5 3.52 1.66 
Unchanged 17 67.9 15.0 3.61 3.61 
Became nodular 9 65.2 21.3 1.44 0.46 
Increased 29 67.3 18.1 2.94 4.60 
Normal exam 1 39 65.5 19.9 0 0.38 
No plaque 14 61.7 21.6 0 0 
New nodular 23 67.6 17.4 0 0.48 
New mural 2 58.0 35.0 0 1.83 
Occlusion 53 9 
Area I and Area II are the area of the plaque at the first and second 
examination (exam). 
carotid arteries in 123 patients. Patients were referred for 
both initial and subsequent examinations. The time interval 
between examinations ranged between 9 and 35 months 
(Table 1). All data analysis was performed at the end of data 
acquisition. All patients were evaluated at the time of the 
initial and follow-up studies by a neurologist (J. W.) to define 
the nature of cerebrovascular symptoms as part of the 
clinical diagnostic process without knowledge that the infor-
mation was to be used in the future for data analysis. Focal 
symptoms of amaurosis fugax, transient cerebral ischemic 
attack or cerebrovascular accident were differentiated from 
nonlocalizing symptoms such as dizziness, light-headedness 
or syncope to arrive at the best clinical diagnosis possible at 
the time of consultation independently from the analysis of 
ultrasound data; no numerical scoring was performed at this 
time because the evaluations were not performed for re-
search purposes. A sufficient number of patients with no 
symptoms or nonlocalizing symptoms were referred for both 
initial and follow-up examinations to allow for comparison of 
different subgroups in the population. 
All 123 patients studied at least twice between November 
1981 and December 1985 were included; no patient was 
excluded from the study. Twelve carotid endarterectomies 
were performed between the two interval studies and these 
vessels were excluded from the analysis. The 43 patients 
who had been symptomatic during the interval were studied 
within 1 week of the occurrence of new symptoms. The 
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remaining 80 patients were evaluated at routine follow-up for 
the extent of atherosclerotic disease at the carotid bifurca-
tion and did not have focal symptoms of cerebrovascular 
disease during the interval. The initial studies were not 
examined before the follow-up studies were performed so as 
not to influence the subsequent findings for clinical pur-
poses. All patients had been started on platelet antiaggregant 
therapy with aspirin at the time of the initial study whether 
or not they were symptomatic. 
Carotid sonography. Real time B-mode ultrasonography 
was performed with a High Stoy SP-I00B (Sonomed). The 
SP-lOOB creates an analog sonographic image that demar-
cates the plaque from the vessel wall well and has the 
following specifications: transducer frequency 7.5 MHz, 
scan rate 30 frames/s, sector angle 18°, effective sample size 
offocal point 1.0 mm2, lateral resolution at focal point 1.25 
mm, range resolution at focal point 0.8 mm, focal length 20 
mm, depth offocus 45 mm, target dynamic range 45 dB and 
screen display size 9 x 11 cm. All studies were performed by 
the same observer (J.W.), who attempted to use the same 
technique each time at the same gain setting of 65 and a time 
gain control of lO while eliminating reverberation artifact by 
adjusting the time gain control delay. 
Approximately the same angle of insonation for each 
individual patient was achieved by approaching the vessel 
posteriorly with the patient upright and by photographing the 
carotid bifurcation at the maximal arc of curvature of the 
internal carotid artery origin (Fig. 1 to 3). An attempt was 
made to obtain the most representative image of the plaque 
in each instance for clinical accuracy, but the sonographer 
had no knowledge that the images would be used in a future 
research study or for comparison with previous sonographic 
examinations until the clinical examination was complete. 
One individual (J.W.) obtained all the sonographic images 
and used virtually the same technique for each image. 
Although there is some unavoidable variability in the tech-
nique, it is suitable for analysis of grouped data. 
Plaque measurements. The plaques were measured with a 
ruler on Polaroid reproductions of the sonographic images 
by an independent examiner (L.R.). This examiner was 
instructed by the sonographer on how to differentiate 
plaques from the vessel wall, but did not discuss the data 
with the other investigators until the analysis was com-
pleted. Measurements were made with temporal knowledge 
of the sequence of the images, but correlation with symp-
toms during the interval was not made until all measure-
ments were made. The study was designed to analyze which 
changes in plaques could account for the previously de-
scribed phenomenon that nonobstructive mural plaques are 
associated with a greater incidence of symptoms than are 
nonobstructive nodular plaques, but it was performed with-
out a preconceived notion of what those changes might be. 
The sonographic images were photographed at a fixed focal 
length so that magnification of the image by the photograph 
plaque 
nodular plaque seen on the initial study but is more 
homogeneous. The lesion was not obstructing the 
internal (int) carotid artery as assessed by duplex 
Doppler study. ext = external carotid artery. 
ext. 
was always the same, although the actual dimension of the 
tissue being imaged was smaller than the reproduction. 
The product of the greatest longitudinal length of the 
plaque running parallel to the wall of the artery and the 
greatest width or thickness extending into the lumen were 
employed in the analysis. Because plaques are three-dimen-
sional objects and the ultrasound images are cross-sectional 
tomographs of the vessel , when the plaque involved both 
anterior and posterior walls of the vessel the two areas were 
summed because this represented a greater extent of plaque 
in three dimensions. This method was chosen because it was 
Figure 2. A, A large mural plaque measuring 5.5 x 
1.0 cm in the carotid sinus of a 72 year old asympto-
matic man on July 28, 1982. High frequency turbu-
lence, denoting a stenosis of '2:.75%, was detected on 
duplex Doppler examination. B, The mural plaque has 
flattened and now measures 4.0 x 0.5 cm on the 
follow-up examination of April 29, 1983. Duplex Dop-
pler study showed low frequency turbulence , indicat-
ing a stenosis of 50%. The patient remained asymp-
tomatic. Abbreviations as in Figure I. 
WEINBERGER ET AL. 1517 
MORPHOLOGY OF ATHEROSCLEROTIC PLAQUE 
int. coroti e t ~ x . 
septum 
ploQue 
less sUbjective than calculating an atherosclerotic index and 
it could be performed on hard copies of the image by an 
observer who had not performed the ultrasonographic stud-
ies. A plaque was considered to have enlarged or diminished 
when its area increased or decreased by ?:.O.S cm2 , respec-
tively. 
Plaque morphology. Plaques were classified as mural or 
nodular at the time of the ultrasonographic examinations on 
the basis of previously described criteria (7). In brief, 
plaques that followed the contours of the wall of the carotid 
sinus and appeared to be a part of the wall of the vessel and 
into carotid: ext \J . 
septum \ 
plaque 
into carotid: ext. ~ 
septum 
t 
plaque 
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whose length was> 3 times the thickness were considered to 
be mural plaques (Fig. lB, 2, and 3A). Plaques that appeared 
to be attached to the wall of the carotid sinus and extended 
into the lumen with the width approaching the length were 
considered to be nodular (Fig. lA). Correlation with angiog-
raphy has shown that this method can identify plaques in the 
carotid sinus not seen on angiography (7) as well as plaques 
visualized on angiography and at carotid endarterectomy 
(19). Although there is usually a clear distinction between 
the appearance of nodular and mural plaques, when this was 
not the case, the plaques were categorized according to the 
original clinical impression at the time the sonogram was 
performed. 
Plaques were categorized as to whether the echo densi-
ties were homogeneous or heterogeneous and changes in the 
distribution of echo densities were examined to take changes 
in plaque distribution into account (6). The plaques were also 
examined to determine whether fragments had broken off. 
Hemodynamic measurements. Hemodynamic factors 
were assessed by measuring the ophthalmic artery pressure 
by pneumooculoplethysmography with a Life Sciences 
PVR, measuring the direction of supraorbital flow with a 9.5 
MHz Parks 908 continuous wave directional Doppler trans-
ducer, and analyzing flow at the carotid artery bifurcation 
with the Parks directional Doppler transducer by velocity 
waveform analysis (18,20) and by duplex examination with 4 
MHz Sonomed continuous wave Doppler probes attached to 
an Angioscan spectral analyzer (Unigon). These studies 
were also performed by one observer (l.W.). 
A lesion was judged to be hemodynamically obstructive 
when 1) ophthalmic artery pressure was > 10 mm Hg less 
than pressure in the contralateral eye or <65% of the 
Figure 3. A, A large mural plaque measuring 2.8 x 
0.9 em is seen in the right carotid sinus extending 
into the internal (int) carotid artery origin in a 63 
year old woman on December 28, 1983. The patient 
was referred for an asymptomatic bruit. B, On 
routine follow-up on June 20, 1984, the plaque has 
flattened, measuring 2.3 x 0.5 em, but part of the 
plaque seen on the first study appears to be miss-
ing. The patient remained asymptomatic. ext = 
external carotid artery. 
brachial artery pressure (16,21); or 2) there was reJIersal of 
flow from the external to the internal carotid artery on 
supraorbital examination (17); or 3) the spread of spectral 
frequencies on Doppler flow examination was> 3.5 kHz with 
the 4 MHz sonomed probe at a fixed angle of 60° or there was 
high frequency turbulence on velocity waveform analysis 
with the Parks directional Doppler transducer (20), or both. 
This test battery has previously been reported (19) to iden-
tify all lesions with a >75% stenosis on angiography, al-
though the degree of stenosis or occlusion was not always 
identical. The Doppler criteria for identifying a hemodynam-
ically obstructive lesion are similar to those of Chambers and 
Norris (22). All hemodynamic assessments were made at the 
time of the clinical evaluation without knowledge that the 
information would be used in a research study. 
Hemodynamic factors as measured by Doppler sonogra-
phy are independent of morphologic factors and solely 
dependent on the residual diameter of the lumen through 
which the column of red blood cells is flowing. A short, wide 
(thick) plaque that has a small area but reduces the luminal 
diameter of the internal carotid artery to <2 mm will produce 
high velocity signals on Doppler examination with a spread 
of spectral frequencies. A large mural plaque running the 
length of the carotid bifurcation without extending into the 
internal carotid artery may not reduce the luminal diameter 
sufficiently to produce any disruption of laminar flow even 
when the width of the plaque is substantial, because the 
residual lumen of the carotid bifurcation is still quite large. 
An even greater reduction in luminal diameter is needed to 
produce a pressure gradient across a locus of stenosis than to 
produce turbulent flow. 
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Table 2. Cerebrovascular Symptoms With Serial Changes 
in 39 Plaques 
TIA CVA 
Plaque Category AF(%) (%) (%) 
Nodular exam 1 
Regressed 1 (3.7) 0 0 
Unchanged 2 (10.5) 0 1(5.2) 
Increased 2 (4.8) 2 (4.8) 2 (4.8) 
Became mural 3 (12.0) 2 (8.0) 5 (20.0) 
Mural exam I 
Regressed I (3.2) 0 0 
Unchanged 0 1 (5.9) 2 (11.8) 
Became nodular 0 0 0 
Increased 4 (13.8) I (3.4) 5 (17.2) 
No plaque exam 1 
No plaque 0 I (7.1) 0 
New nodule 1 (4.3) 1 (4.3) 0 
New mural 0 0 2 (100) 
Occlusion 0 0 0 
Total (%) 
I (3.7) 
3 (15.7) 
6 (14.3) 
10 (40.0)* 
1 (3.2) 
3 (17.6) 
0 
10 (34.5)t 
I (7.1) 
2 (8.6) 
2 (100) 
0 
*p = 0.001; tp = 0.002. Symptoms of amaurosis fugax (AF), transient 
cerebral ischemic attack (TIA) or completed cerebral infarction (CV A) 
occurring ipsilateral to each plaque at the time of the second ultrasound 
examination are shown. Exam = ultrasound examination. 
Statistical methods. Statistical comparison of symptoms 
associated with the various categories of plaque alterations 
during the interval was performed with both chi-square 
analysis and Fisher's exact test employing the Epistat sta-
tistical program (Tracy Gustafson) on an IBM-XT personal 
computer. 
Results 
On initial examination of the 123 patients, a nodular 
plaque was observed in 112 arteries and a mural plaque in 82 
arteries. One vessel was completely occluded and the plaque 
could not be visualized. No plaque was identified in 39 
arteries on the initial study. The changes in plaque size 
during the study interval are shown in Table 1. The correla-
tion of changes in plaque morphology with symptoms is 
shown in Table 2. 
Serial Morphologic Changes and Correlation 
With Symptoms 
Nodular plaques on initial examination (Tables 1 and 2). 
Of the 112 nodular plaques, 26 diminished in size, only 1 
(3.8%) of these plaques was associated with ipsilateral 
symptoms, and it appeared that a fragment of this plaque 
may have broken off. No change in size was observed in 19 
nodular plaques; 3 (15.7%) of these were associated with 
ipsilateral symptoms. In 23 instances a new nodular plaque 
was observed in an artery where a plaque had not been 
previously identified; ipsilateral symptoms occurred in 2 
(8.6%) of these cases. This incidence was similar to that of 
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symptoms ipsilateral to a bifurcation in which no plaque was 
seen on either the initial or the follow-up study (1 of 14, 
7.1 %). Nodular plaques increased in size but retained the 
nodular configuration in 42 instances; ipsilateral symptoms 
occurred in 6 (14.3%) of these cases. In contrast, 25 plaques 
that were nodular on initial examination became mural 
plaques on the subsequent examination and ipsilateral symp-
toms occurred in 10 (40%) of these (Fig. 1). The incidence of 
symptoms ipsilateral to a nodular plaque that grew into the 
mural configuration was significantly higher (p = 0.036) than 
that associated with nodular plaques that grew but remained 
nodular. 
Mural plaques on initial examination (Tables 1 and 2). 
Diminution in size occurred in 27 of the 82 mural plaques 
that retained the mural configuration; ipsilateral symptoms 
occurred in association with only 1 of these. When mural 
plaques became smaller, the length usually remained the 
same but the width decreased. Subjectively, heterogeneous 
plaques became homogeneous (Fig. 2). Fragments appeared 
to have been extruded from only two of the plaques, one of 
which was associated with ipsilateral symptoms (Fig. 3). An 
additional nine mural plaques diminished in size and as-
sumed the nodular configuration on follow-up examination, 
with no ipsilateral symptoms. No change in size was ob-
served in 17 mural plaques and symptoms occurred ipsilat-
eral to 3 (17.6%) of these during the interval. 
In contrast, 29 mural plaques increased in size during the 
interval and ipsilateral symptoms occurred in 10 (34.5%) of 
these. An additional two mural plaques formed in an artery 
where plaque had not been visualized on initial examination 
and symptoms occurred ipsilateral to both lesions (100%). 
When mural plaques grew, they usually increased in length 
as well as width and subjectively became more heterogenous 
or less echodense. The incidence of symptoms was signifi-
cantly higher ipsilateral to a mural plaque that grew (p = 
0.0002) than ipsilateral to a mural plaque that regressed or 
was unchanged. The incidence of all focal cerebrovascular 
symptoms and of completed cerebral infarction was signifi-
cantly higher ipsilateral to a new or growing mural plaque (p 
< 0.0001) than to all the other lesions. 
Morphologic and Hemodynamic Factors in 
Incidence of Symptoms (Table 3) 
Both hemodynamic and morphologic factors appeared to 
play a role in the production of symptoms ipsilateral to a 
carotid artery plaque. The incidence of symptoms was 
significantly higher ipsilateral to a mural plaque (26 of 92) 
than ipsilateral to a nodular plaque (12 of 127) (p = 0.002), 
but was also higher ipsilateral to a hemodynamically ob-
structive lesion (12 of 30) (p = 0.005) (Table 3). Plaque 
configuration appeared to play a greater role. Nodular 
plaques that grew and assumed the mural configuration were 
associated with a higher incidence of ipsilateral symptoms 
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Table 3. Role of Hemodynamic and Morphologic Factors in 
Incidence of Ipsilateral Symptoms on Follow-Up 
Symptomatic 
Asymptomatic 
Not 
Mural Nodular Hemodynamic Hemodynamic 
A. All Plaques on Follow-Up Examination 
26* 
66 
12 
115 
12t 
18 
26 
177 
B. Serial Changes in Nodular Plaques that Were on First Study 
Symptomatic 
Asymptomatic 
6§ 
36t 
9 
6 
33 
19 
C. Mural Plaques that Were on Exam 1 and Grew on Exam 2 
Symptomatic 
Asymptomatic 
3 
7 
7 
12 
*p = 0.002; tp = 0.005; :j:p = 0.02; §not mural, grew. Exam = ultrasound 
examination. 
(10 of 25) than were nodular plaques that grew but retained 
the nodular configuration (6 of 92) (p == 0.002), even though 
the same proportion of these lesions was hemodynamically 
obstructive (Table 3B). Mural plaques that grew during the 
interval had an increased frequency of associated ipsilateral 
symptoms (Table 2) whether or not the plaques were hemo-
dynamically obstructive (Table 3C). 
The occurrence of symptoms before the initial study did 
not have a bearing on whether patients became symptomatic 
by the time of the second study, regardless of the degree of 
stenosis on initial examination. Recurrent symptoms were 
observed ipsilateral to 10 lesions that had previously had no 
associated symptoms, and new symptoms occurred ipsilat-
eral to 29 lesions that had not previously been associated 
with symptoms. Forty-five lesions associated with symp-
toms at the time of the initial study had no associated 
symptoms on follow-up, whereas 162 lesions had no associ-
ated symptoms either before or after the study interval. 
Discussion 
Our data suggest that neurologic symptoms ipsilateral to 
an atherosclerotic plaque at the carotid artery bifurcation are 
associated with growth of plaque, particularly when the 
plaque extends along the wall of the carotid sinus into a 
mural configuration. Because the study was performed ret-
rospectively and there may have been some bias in the 
patient group referred for initial and follow-up studies, the 
data cannot be interpreted to give information as to the 
incidence of symptoms in relation to arterial pathology. The 
study was performed in a case control method, so that it is 
valid to correlate differences in symptoms relative to 
changes in plaque morphology. 
Prior studies have noted a significant increase in symp-
toms ipsilateral to carotid artery lesions that have produced 
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narrowing of the artery and can be detected on Doppler 
examination, but those studies did not evaluate changes in 
plaque morphology (22,23). In this study, progression of 
plaque along the wall of the carotid sinus was associated 
with a higher proportion of ipsilateral symptoms unrelated to 
hemodynamic factors. Other workers (19,24) have noted 
growth and diminution of nonobstructive plaques on serial 
ultrasonographic studies of the carotid artery, but they have 
not correlated these changes with symptoms. The population 
base in our study also includes patients with more severe 
occlusive disease who have not had surgical intervention 
during the interval between examinations. 
Role of plaque morphology. Morphologic examination of 
carotid artery plaques has demonstrated that 1) mural 
plaques have a significantly higher incidence of intraplaque 
hemorrhage than do nodular plaques, and 2) only mural 
plaques are associated with intraluminal thrombus (25). 
Studies of atherosclerosis in the coronary arteries have 
suggested that ischemic symptoms in patients with either 
unstable angina or myocardial infarction are associated with 
intraluminal thrombus over a ruptured plaque or fissure (8-
11), although intimal hemorrhage from intrinsic capillary 
rupture without plaque fissure has also been obser.ved (26). 
The coronary artery lesions implicated in these forms of 
myocardial ischemia are usually eccentric and have a cres-
centic appearance with irregular borders on coronary angi-
ography (12-15). These lesions are similar in configuration 
and morphology to the mural plaques at the carotid artery 
bifurcation (7). 
The etiology of cerebrovascular symptoms ipsilateral to 
plaques at the carotid bifurcation and symptoms of myocar-
dial ischemia in the territory of crescentic plaques in the 
coronary arteries may both be related to intraplaque hemor-
rhage, even though platelets can adhere to arterial walls 
without intraplaque hemorrhage (27). Cerebral ischemic 
events from a lesion at the carotid artery bifurcation are 
usually attributed to emboli from the plaque to intracranial 
arteries (1-3), whereas in the coronary circulation, transient 
narrowing or occlusion of the vessel due to intraluminal 
thrombosis at the site of stenosis causes ischemia of the 
myocardium (8,9). However, platelet embolization distal to a 
coronary lesion has been implicated in sudden death follow-
ing unstable angina (11). Imparato et a1. (4) and Lusby et a1. 
(5) have suggested that cerebrovascular symptoms are asso-
ciated with intraplaque hemorrhage at the carotid bifurcation 
rather than plaque ulceration. Symptomatic hemorrhage has 
been observed without plaque rupture, and there is evidence 
of embolization of cholesterol debris in these cases (4,5,28). 
Nearly one third of mural plaques seen on initial exami-
nation had diminished in size on the subsequent study. Only 
one of these plaques, which may have ulcerated, was asso-
ciated with ipsilateral symptoms. In a previous study (25), 
this type of plaque was found to have degenerative changes 
consistent with resorption of o~d intraplaque hemorrhage. It 
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is also possible that asymptomatic embolization of plaque 
debris could be responsible for the diminution in plaque size 
(24), leading to silent infarction that could be detected by 
computed tomographic scan of the brain. 
Conclusions. The present study suggests that plaque 
growth may playa role in the pathophysiology of cerebro-
vascular disease. Although most carotid lesions remained 
asymptomatic even when there was growth of plaque, there 
was a strong association between occurrence of symptoms 
and plaque growth. Further studies are needed to determine 
which factors cause plaque growth and what measures can 
be taken to prevent such growth. Noninvasive examination 
of the morphology of carotid artery atheroma by real time 
B-mode ultrasonography may be helpful in further studies to 
determine the cause of carotid artery thrombosis, which may 
be applicable to other arterial systems. 
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